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Amorphous (a-)Si-based materials always attracted attention of the scientific community, especially
after their use in commercial devices like solar cells and thin film transistors in the 1980s. In addition
to their technological importance, the study of a-Si-based materials also present some interesting
theoretical-practical challenges. Their crystallization as induced by metal species is one example,
which is expected to influence the development of electronic-photovoltaic devices. In fact, the amor-
phous-to-crystalline transformation of the a-SiAl system has been successfully applied to produce so-
lar cells suggesting that further improvements can be achieved. Stimulated by these facts, this work
presents a comprehensive study of the a-SiAl system. The samples, with Al contents in the 015
at. % range, were made in the form of thin films and were characterized by different spectroscopic
techniques. The experimental results indicated that: (a) increasing amounts of Al changed both the
atomic structure and the optical properties of the samples; (b) thermal annealing induced the crystalli-
zation of the samples at temperatures that depend on the Al concentration; and (c) the crystallization
process was also influenced by the annealing duration and the structural disorder of the samples. All
of these aspects were addressed in view of the existing models of the a-Si crystallization, which were
also discussed to some extent. Finally, the ensemble of experimental results suggest an alternative
method to produce cost-effective crystalline Si films with tunable structural-optical properties.
VC 2014 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4893654]
I. INTRODUCTION
Motivated either by academic or technological reasons,
amorphous silicon (a-Si) films and their alloys have been the
subject of intensive research, rendering important achieve-
ments in the fields of micro-electronics and photovoltaics.1,2
Allied to the Si natural abundance, the use of a-Si-based
films in technological applications also presents advantages
like: (a) full compatibility with large-area and low-
temperature fabrication methods; (b) lack of structural con-
straints, allowing the production of materials with various
compositions onto almost any solid substrate; (c) structural-
optical-electronic properties susceptible to the chemical
composition and/or to post-production treatments; etc. In
spite of these desirable characteristics, the intrinsic disorder
of the a-Si-based films limits their carrier mobility and, con-
sequently, the performance of any electronic device based on
them. A suitable approach to minimize this shortcoming
involves the realization of post-production treatments, in
which case the atomic structure of the Si film is converted
from amorphous to polycrystalline. As expected, such struc-
tural transformation requires some energy supply that is usu-
ally provided by conventional heating or thermal annealing,3
laser radiation,4 mechanical stress–strain,5 or by means of an
electrical current.6 In all of these post-production treatments,
the amorphous-to-crystalline transformation can be enhanced
by combining the Si film with some metallic element in a
process that is known by metal-induced crystallization, or
simply MIC.7
The MIC of a-Si was already observed under different
circumstances demonstrating that the crystallization
temperature can be reduced from 700 C down to near
200 C, depending on experimental conditions like8,9 the na-
ture and amount of metal, the type of the substrate, and
the annealing details, for example. Moreover, within the
a-Si–metal systems investigated so far, a-SiAl was applied
with success in the fabrication of solar cells10–12 with effi-
ciencies ranging from 3–8.5% (Ref. 13) to 11%.14
Interestingly, these figures are comparable with those pre-
sented by other cells based on thin films,15,16 though involv-
ing a reduced number of production steps.
Whereas it is clear that the a-Si–metal system is very
useful to produce polycrystalline Si for future device appli-
cation, the complete understanding (and control) of the MIC
phenomenon deserves additional study. Stimulated by all of
these aspects, the present contribution contains a detailed
investigation of amorphous Si films at various Al concentra-
tions. The samples were prepared by sputtering and their
compositional, structural, and optical properties were investi-
gated by various techniques, following treatments at increas-
ing temperatures. The experimental results clearly indicate
that it is possible to produce SiAl films with different
structural-optical characteristics simply by adjusting the Al
content and/or the annealing temperature. Moreover, the
MIC process seems to be influenced not only by the Al con-
centration and annealing temperature, but by the intrinsic
disorder of the a-Si matrix.
II. EXPERIMENTAL DETAILS
The Al-containing Si films were prepared by radio fre-
quency (13.56 MHz) sputtering a 5 in. diameter target of
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polycrystalline silicon (99.999% pure) partially covered with
aluminum metal (99.9995%). According to this approach,
the Al content can be chosen simply by varying the relative
Al-to-Si target area.17 The films were deposited by means of
a pure argon (99.9995%) plasma on fused silica substrates
kept at (100 6 15) C. Sputter deposition was carried out in
a high vacuum chamber (base pressure 2  106 Torr) at
1.5  103 Torr. For comparison, a pure Si film was also
prepared following exactly the same deposition conditions.
The final atomic composition of all samples was deter-
mined by energy dispersive x-ray (EDX) measurements
whose results, along with some sample characteristics, are
shown in Table I. The EDX data were obtained from a 5 keV
electron beam and took into account the Ka1,2 x-ray transi-
tion lines due to oxygen (at 0.52 keV), aluminum (1.48 keV),
and silicon (1.74 keV).18 EDX analyses also indicated that
the Si(Al) samples were homogeneous within the limit of ex-
perimental resolution (0.2 at. %).
Raman scattering spectroscopy was used to probe the
atomic structure of the Si(Al) samples. The measurements
were carried out with 632.8 nm photons (power density
200 lW/lm2) with the samples placed inside a computer-
controlled temperature-stage (Linkam TS 1500 (Ref. 19)). In
such a case, the Raman spectra were obtained in-situ, con-
current with the thermal annealing of the samples. Each
treatment was 15min long and was performed in the
200–800 C temperature range (in steps of 50 C), under a
heating rate of 10 C/min (Figure 1).
High signal-to-noise ratio Raman spectra were also
obtained from the samples as-deposited and after annealing
at 800 C. In this case, the measurements were made at
room-temperature with the samples kept outside the T-stage.
Likewise, the optical properties of the Si(Al) samples, as-
deposited and annealed at 800 C, were investigated through
their optical transmission spectra in the 2501600 nm
wavelength range.20
According to the literature, oxygen contents on the order
of 10 at. % are expected to appear after measuring Al-
containing samples by x-ray photoelectron spectroscopy (see
Ref. 21, for example). This is because of the higher surface
sensitivity of the technique, which indicates that most of the
oxygen atoms are bonded to aluminum. However, consider-
ing the bulk-like character of the EDX, Raman and optical
transmission measurements, as well as the absence of any
Si–O or Al–O bonding in the Raman spectra of the present
Si(Al) samples, oxygen atoms should play a minor role in all
the optical-structural discussion that follows.
III. EXPERIMENTAL RESULTS
The Raman spectra of the as-deposited Si(Al) samples
show the presence of two prominent and broad features at
140 and 460 cm1 [Figure 2(a)]. They correspond to the
transverse-acoustic (TA)-like and transverse-optic (TO)-like
phonon modes and are characteristic of a-Si films.22
Additional Raman features appeared at 300, 400, and
900 cm1 and were attributed to the longitudinal-acoustic
(LA-), longitudinal-optic (LO-), and second-order of the TO-
like modes, respectively. All of these contributions occur
because of the lack of long-range order, and consequent
relaxation of the momentum conservation rules,23 clearly
indicating the amorphous (or disordered) structure of the
present Si(Al) films. In fact, the nature of these Raman fea-
tures is so well-established that either the TA/TO intensity ra-
tio24,25 or the TO-like Raman linewidth26 is frequently
considered as a good measure of the disorder in a-Si films
and alloys. Accordingly, the higher the TA/TO intensity ratio,
or the TO-like linewidth, the more disordered the material
should be. The Raman spectra of Fig. 2(a) not only show that
the as-deposited Si(Al) samples were amorphous but also that
their atomic structure was influenced by the presence of alu-
minum. A similar behavior was observed in the optical prop-
erties of the samples [Fig. 2(b)] as indicated by their ill-
defined absorption edges and reduced optical transmission.
Additional structural-optical changes were achieved by
thermal annealing the samples at increasing temperatures
and, again, the influence of [Al] on the Si samples was clear.
Figure 3, for example, shows the development of Si crystalli-
tes (sharp Raman signal at 520 cm1) at temperatures that
depended on the Al concentration. According to the spectra,
the crystallization of the Si(Al) samples began at 675 C
for pure Si, 450 C for SiAl10.0, and 300 C for SiAl15.2.
TABLE I. Sample identification, thickness (as obtained by a quartz crystal
monitor), Al target area, and atomic composition (as determined by EDX) of
a series of Si(Al) prepared by sputtering. The data refer to as-deposited
samples.
Sample
Thickness
(610 nm)
Al target area
(625mm2)
[Si]
(60.2 at. %)
[Al]
(60.2 at. %)
[O]
(60.2 at. %)
pure Si 500 0 99.0 0.0 1.0
SiAl0.5 500 270 98.1 0.5 1.4
SiAl1.7 490 530 96.9 1.7 1.4
SiAl3.9 510 1060 94.3 3.9 1.8
SiAl10.0 525 2115 87.0 10.0 3.0
SIAl15.2 500 3450 82.8 15.2 2.0
FIG. 1. Temperature–time profile adopted in the thermal annealing of the
present Si(Al) samples. The treatment itself consisted in leaving the sample
at the desired temperature for 15min, at the end of which the Raman spec-
trum was taken. The inset contains a picture of the sample inside the temper-
ature-stage.
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The crystallization process advanced until 800 C when
all samples, regardless of their [Al], presented a substantial
amount of Si crystallites [Fig. 4(a)]. After annealing at
800 C, the Si(Al) samples exhibited all Raman distinctive
features of crystalline Si:27 a very strong and sharp peak at
520 cm1 [corresponding to the TO(C) phonon mode], as
well as some overtones [2TO(X, L) at 960 cm1, and
2TA(L, X, R, W) at 300 cm1]. No other Raman signals
(associated to Si–Al, Si–O or Al–O bonds, for example)
were verified throughout the annealing procedure: in part
because of its low (or no) Raman activity (Si–Al bonds) but,
mainly, due to the low oxygen concentration (Table I).
As expected, the crystallization of the Si(Al) samples
altered their optical transmission spectra too. As can be seen
from Fig. 4(b), after annealing at 800 C, the absorption
edges became steeper, blued-shifted, and some improvement
of the maximum transmission was also verified.
IV. DISCUSSION
Studying the crystallization of Si(Al) samples with
in-situ Raman measurements proved to be very convenient
but it presented two particularities: noisy spectra and red-
shifted–broad Raman peaks. The former occurred because
the T-stage required the use of a long-working distance
objective lens (usually with a low numerical aperture) ren-
dering a very weak scattered signal (Fig. 3). Moreover, at
temperatures above 600 C, the Raman spectra should be
corrected by the subtraction of the thermal radiation back-
ground from the T-stage. The noisy signal could be
FIG. 2. (a) Raman spectra of as-
deposited Si films containing increas-
ing amounts of Al, as indicated in the
figure. (b) Optical transmission spectra
of the same films. The fringes in the
optical spectra originate due to light in-
terference processes at the air-film-
substrate interfaces. All measurements
were carried out at room-temperature
(25 C) and were vertically shifted
for clarity reasons. Both the Raman
and optical transmission spectra of a
virgin (fused silica) substrate were
shown for comparison.
FIG. 3. Raman spectra of some Si(Al) samples: (a) pure Si, (b) SiAl10.0, and (c) SiAl15.2. The measurements were achieved in-situ, with a 50 long-working
distance objective lens (NA 0.55), at the temperatures indicated in the figures. The spectra were vertically shifted for clarity. RT stands for room-temperature
(25 C).
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partially circumvented increasing the incident laser power
and/or the spectrum acquisition time (typically of 90 s). In
both cases, however, the crystallization temperature and/or
the annealing procedure would be altered leading to
slightly different results. With regard to the shape and
position of the Raman features, as long as the spectra
exhibited extra (and clear) peaks in the 500–520 cm1
range, they were sufficient to decide the temperature at
which the crystallization process started. Actually, consid-
ering that the phonon frequency is highly susceptible to
temperature effects,28 a thorough analysis of these data
provided additional information such as the accuracy of
the temperatures indicated by the T-stage, the existence of
any hysteresis in the annealing–crystallization process, as
well as the unintentional sample heating produced by laser
irradiation. Some of these aspects were illustrated in
Figure 5 that shows the TO-like phonon frequency xTO of
two Si(Al) samples in the 25–800 C temperature range.
The figure also presents the results of a Si (100) wafer,29
which are in perfect agreement with those achieved from
the present Si(Al) samples.
The most important result of the in-situ Raman measure-
ments (Fig. 3), however, is the temperature at which the
crystallization of the Si(Al) samples started (Tonset) and the
corresponding amount of Si crystallites (XF). In the present
investigation, Tonset was determined as soon as a shoulder
developed on the right frequency side of the a-Si Raman sig-
nal at 460 cm1 (at 450 C in Fig. 3(b), for example), or at
the average temperature between the amorphous–crystalline
transformation (at 650–700 C in Fig. 3(a), for example).
The determination of XF, on the other hand, required the fit-
ting of two independent Gaussian functions to the Raman
spectra in the 400–550 cm1 interval: one corresponding to
the amorphous contribution [centered at (460 6 10) cm1]
and the other to the presence of Si crystallites [at (510 6 10)
cm1]. The ratio between the integrated areas of these two
Gaussian functions, after proper correction due to differences
in their light scattering cross-sections,30,31 resulted in the XF
values. All of these data are displayed in Figure 6.
Thermal annealing at temperatures higher than Tonset
(not shown) increased XF to 50–60%, or even 90% for
sample SiAl15.2, but the XF values never reached 100% up to
800 C. Similar XF values had already been observed and dis-
cussed from a series of Si(Ni) films.32 Based on this investi-
gation, the reasons behind XF < 100% could be: (a) the
adopted experimental procedure (the method to estimate XF
and the annealing conditions); (b) the nature of the starting
amorphous films (density variations due to micro/nano-voids
FIG. 4. (a) Raman scattering spectra of
Si films containing increasing amounts
of Al (as indicated in the figure), after
thermal annealing at 800 C. (b)
Optical transmission spectra of the
same films. All spectra were obtained
at room-temperature and were verti-
cally shifted for clarity reasons. The
Raman spectrum of a crystalline Si wa-
fer and the optical transmission spec-
trum of the fused silica substrate were
shown for comparison.
FIG. 5. TO-like phonon frequency xTO as a function of the temperature
of measurement–annealing. “Literature” refers to the xTO(T)¼
[521–0.028T( C)] cm1 expression.29 The data were obtained either
increasing (sample SiAl15.2) or decreasing (pure Si sample) the temperature.
The error bars took into account variations in the heating–cooling process as
well as the experimental resolution of the Raman measurements. The inset
shows the Raman spectra of the pure Si sample at various temperatures. Still
in the inset, the c-Si spectrum was obtained from a crystalline Si (100) wafer
at room-temperature.
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and stress effects); or (c) the combination of both. Whatever
the real origin of XF < 100%, it is reasonable to suppose that,
in amorphous networks of small coordination number, crys-
tallites can only exist if immersed in a disordered matrix.33
The argument is very intuitive and suggests that, in thin films,
some disorder is essential to efficiently relax and absorb the
stress owing to the film–substrate interaction as well as the
random orientation of the crystallites. Therefore, in the case
of the Si(Al) films, XF reveals not only the amount of Si crys-
tallites but also details of the disorder inherent to a-Si and
due to the presence of aluminum.
Hitherto, the experimental results indicated that: (1) a gen-
uine metal-induced crystallization mechanism occurred in the
present SiAl samples, as clearly evidenced by the reduction of
Tonset with [Al]; (2) pure Si and SiAl samples with low [Al]
(<2 at. %) crystallized at almost the same temperature
(675 C) and the estimated crystalline fraction XF scaled
with [Al]; (3) [Al] 4 at. % considerably decreased the crys-
tallization temperature Tonset from 625 to 300 C albeit, at
this temperature, XF remained around 10%; (4) additional ther-
mal annealing up to 800 C increased the amount of Si crystal-
lites to 50–60%, or even 90%, but never 100%; and (5) the
absolute XF values are susceptible to experimental details and/
or to the sample’s intrinsic characteristics.
According to the literature, the most accepted model to
explain the MIC of the a-SiAl system was originally pro-
posed by Konno and Sinclair,34 which correlated the diffu-
sion of Si and Al atoms to a supersaturated state with the
consequent crystal formation. As the diffusion process
advances, Si and Al crystallites grow up exchanging posi-
tions, and the process is appropriately denoted Al-induced
layer exchange, or ALILE.35 However, considering that the
MIC phenomenon does not occur only in a-Si–metal layered
structures, but also in co-doped or alloyed systems, and that
the crystallization process is highly susceptible to many ex-
perimental details,36 a model that takes into account different
Al concentrations is necessary.
Like many other microscopic process, bond dissociation,
atom diffusion, and nucleation originate from local gradients
in the chemical potential. This is the basis of the bond-
weakening model,37 in which a metal species act like a cata-
lyst of the amorphous-to-crystalline transformation. Applied
to the amorphous SiAl system, a rough estimation indicates
that the energy associated to Si–Si bonds is higher than that
of Si–Al. Such difference favors the replacement of Si–Al by
the more stable Si–Si bonds, resulting in the rearrangement
of the amorphous network. The process occurs regardless of
the presence of a macroscopic interface between the Si and
Al atoms and tends to be more effective the higher the num-
ber of Si–Al bonds is. Based on these facts, it is natural to
expect the dependence of the crystallization process and the
Al concentration which, at high values, will result in crystal-
line Si and Al separated phases. Another important aspect to
be considered in the MIC process is the amount of energy
involved, during the post-production treatment, in terms of
temperature and time: the former determining the minimum
energy required to overcome the amorphous-to-crystal tran-
sition, and the later controlling the number of crystallites.
Within this context, it is natural to expect that the presence
of Al atoms acts by reducing the crystallization temperature,
whereas longer annealing times result in an increased num-
ber of crystallites. Finally, notwithstanding the beneficial
effect of Al in reducing Tonset we could not ignore that the
presence of Al atoms is also responsible for additional disor-
der in the a-Si matrix. Consequently, only after Tonset was
attained and for longer annealing times (on the order of
hours) the MIC mechanism will produce a high density of
crystallites. This interpretation not only agrees with the
results of Fig. 6 but is also consistent with the structural and
optical properties shown in Figures 7 and 8.
Fig. 7 shows the structural disorder, as indicated by
the Raman TA/TO intensity ratio, of all Si(Al) samples
FIG. 6. Minimum temperature at which crystallization started (Tonset) and
corresponding amount of Si crystallites (crystalline fraction XF) as a func-
tion of the Al concentration in Si(Al) samples prepared by sputtering. The
lines joining the data points are just guides to the eye. The error bars in
Tonset correspond to the temperature step during thermal treatments (50
C).
The error bars in XF took into account uncertainties in the fitting procedure
of the Raman spectra with Gaussian functions.
FIG. 7. Raman TA/TO intensity ratio (or disorder) as a function of the Al
concentration in Si(Al) samples: as-deposited and after annealing at 800 C.
The TA/TO ratio was determined from the Raman intensities at 140 cm1
(TA-like) and 460 cm1 (TO-like). The lines joining the data points are
just guides to the eye. The inset shows the Raman spectra of the SiAl1.7 sam-
ple as-deposited and after annealing at 800 C.
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as-deposited and after annealing at 800 C. According to the
figure, it is clear that the effect of increasing Al concentra-
tion increased the disorder of all as-deposited samples. After
annealing, the experimental data indicate some structural
improvement (reduction of TA/TO ratio) for Al contents up
to 4 at. %, whereas the disorder increased for samples
SiAl10.0 and SiAl15.2. In the first case, associated to a compa-
ratively small disorder, the presence of Al atoms mainly
improved XF (Fig. 6). As the number of Al atoms was aug-
mented, Tonset decreased at the expense of a small crystalline
fraction (Fig. 6) clearly suggesting that part of the energy
given during thermal annealing was spent to recover the dis-
order due to the high [Al].
Similar reasoning applies to the optical properties of the
Si(Al) samples and can be summarized as: (a) the increased
disorder due to the presence of Al atoms in the a-Si matrix is
behind the systematic absorption red-shift and reduced optical
transmission of all samples [Fig. 2(b)]; (b) annealing the Si
samples with [Al] 4 at. % resulted in sharp and blue-shifted
absorption edges [Fig. 4(b)]; and (c) because of their high Al
content [or structural disorder (Fig. 7)], almost no change was
detected in the optical spectra of the SiAl10.0 and SiAl15.2
samples before [Fig. 2(b)] and after annealing [Fig. 4(b)]. All
of these aspects are consistent with the optical bandgap of the
samples, as determined from their transmission spectra.20 The
results are shown in Fig. 8, where the E04 optical bandgap
(energy at which the absorption coefficient is 104 cm1), that
is largely employed in amorphous materials,38 was adopted.
According to Fig. 8, it is clear that the [Al] influenced
the E04 bandgap of all samples. In the as-deposited form, Al
atoms acted essentially introducing sub-bandgap states, caus-
ing the shrinkage of E04 from 1.3 eV (pure Si sample) to
0.8 eV (SiAl15.2 sample). After annealing at 800 C, all
samples crystallized and presented optical absorption edges
close to 500 nm [Fig. 4(b)]. In spite of this, the very low
E04 values exhibited by samples SiAl10.0 and SiAl15.2
suggest, in addition to the sub-bandgap states, the influence
of another factor. Thermal annealing combined with this rel-
atively high Al concentration could induce some roughness
on the surface of the samples causing additional optical
losses such as light scattering. In fact, both the reduced trans-
mission and the absence of interference fringes in the optical
spectra of samples SiAl10.0 and SiAl15.2 [Fig. 4(b)] are con-
sistent with the incidence of small structures on their surfa-
ces. The presence of these structures, with dimensions in the
sub-micrometer range (500 nm), was confirmed by scan-
ning electron and atomic force microscopy images (Fig. 9).
Moreover, EDX mapping analyses demonstrated that the
structures are constituted essentially by Al droplets. Similar
microscopy measurements on all Si(Al) samples indicated
the presence of no (pure Si, SiAl0.5, SiAl1.7, SiAl3.9) or only
a few (SiAl10.0) features on their surfaces.
The incidence of sub-micrometer Al droplets, or even
Al segregation, always takes place in layered or Si–Al sys-
tems with high [Al] and represents one extra step (chemical
etching) in the fabrication of certain solar cells.39
Furthermore, according to the literature,13 these cells hardly
experienced MIC at temperatures lower than 400 C and
annealing times shorter than 3–4 h and required the inten-
tional oxidation of the Al layer. Considering the impact the
Si–Al system has on the development of new electronic-
photovoltaic devices, either improving the crystallization
process or creating new electronic states, it is important to
find alternative strategies to reduce costs. Within this con-
text, the present study was intended to provide further reduc-
tion in the number of processing steps and/or in the thermal
budget of the MIC of the Si–Al system. Accordingly, sput-
tered a-Si films with the proper Al content and right tempera-
ture–time annealing conditions represent a very opportune
approach to produce SiAl-based devices.
FIG. 8. E04 optical bandgap as a function of the Al concentration in Si(Al)
samples: as-deposited and after annealing at 800 C. The lines joining the
data points are just guides to the eye. The error bars took into account uncer-
tainties in the optical transmission spectra and thickness of the films. The
inset shows the absorption spectra of the SiAl1.7 sample as-deposited and af-
ter annealing at 800 C.
FIG. 9. (a)–(c) Scanning electron microscopy images of sample SiAl15.2 af-
ter anneal at 800 C. (d) Atomic force microscopy profile of the same sam-
ple. The images were obtained after successive increasing magnifications (as
indicated by the scale bars) from regions nearby the depicted squares. The
most prominent features in the images correspond to Al droplets as indicated
by EDX mapping.
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V. CONCLUDING REMARKS
The present work reports on the preparation and spectro-
scopic characterization of amorphous (a-)Si films with differ-
ent Al concentrations. The samples were prepared by radio
frequency sputtering a combined Si þ Al target in an atmos-
phere of pure argon. After deposition, the samples were
investigated by means of energy dispersive x-ray, Raman
scattering spectroscopy, optical transmission measurements,
and microscopy techniques. The experimental results indi-
cated that: (a) the samples were homogeneous and that the
Al content scaled with the Al-to-Si relative target area; (b)
increasing amounts of Al were responsible for additional
structural disorder and shrinkage of the optical bandgap of
the a-Si films; (c) the crystallization of the a-Si(Al) samples
took place at different temperatures depending on the Al
concentration, clearly demonstrating the metal-induced phe-
nomenon; (d) both the temperature and time of anneal
affected the MIC process, the former establishing the mini-
mum energy barrier to attain crystallization and the later the
number of Si crystallites; (e) despite the desirable effect of
Al atoms in reducing the temperature of crystallization, large
amounts of Al provoked additional disorder requiring longer
annealing times to increase the number of crystallites; and
(f) after annealing at 800 C, the sample with [Al] 15 at. %
exhibited Al droplets on its surface.
The present experimental investigation improved the
current knowledge of the MIC phenomenon, which main
ideas were discussed to some extent. Within them, it must be
emphasized the correspondence of the Al concentration with
the disorder of the a-Si matrix and the required annealing
temperature–time conditions to achieve suitable crystalliza-
tion results. Finally, the present findings suggest an alterna-
tive route to the MIC of a-SiAl systems, with tunable
structural-optical properties, aiming at the development of
cost-effective electronic-photovoltaic devices.
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